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(54) Surface acoustic wave filter 

(57) A surface acoustic wave filter (1) has a ladder 
type filter circuit including a plurality of series arm reso- 
nators (3, 4, 5) and a plurality of parallel arm resonators 
(7, 8). The electrostatic capacitance of at least one of 
the parallel arm resonators (8) is larger than that of an- 
other (7) of the parallel arm resonators, and the length 
of a bonding wire (9D) connecting the parallel arm res- 
onator having the larger electrostatic capacitance to a 



ground of a package is greater than that of a bonding 
wire (9C) connecting the another of the parallel arm res- 
onators not having the larger electrostatic capacitance 
to the ground, such that the values of additional induct- 
ances created by the bonding wires are different from 
each other. In this manner, attenuation poles are distrib- 
uted so that the amount of attenuation in the stop band 
on the low-frequency side is greatly increased. 



FIG. 1 



CM 
< 
00 

ca 
o> 

00 

o 

Lli 




Printed by Jouve. 7500t PARIS {FR] 



BNSDOCID: <EP_0897218A2_L> 



1 

O scription 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave filter having a plurality of SAW resonators 
arranged on a piezoelectric substrate and. more partic- 
ularly, to a surface acoustic wave filter having a plurality 
of SAW resonators arranged so as to define a ladder 
type filter circuit. 

2. Description of the Related Art 

[0002] A surface acoustic wave filter having a plurality 
of SAW resonators arranged on a piezoelectric sub- 
strate is known, for exannple. as a high-frequency band 
filter for use in mobile communication apparatuses. For 
example, Japanese Patent Publication (Kokoku) No. 
56-19765 discloses a surface acoustic wave filter hav- 
ing a ladder type filter circuit including a plurality of SAW 
resonators on a piezoelectric substrate. 
[0003] Fig. 11 is a schematic plan view for explaining 
a surface acoustic wave filter disclosed in the above- 
mentioned prior art. 

[0004] A surface acoustic wave filter 51 includes a 
rectangular piezoelectric substrate 52, on which a plu- 
rality of SAW resonators are arranged to define series 
arm resonators 53 and 54 and parallel arm resonators 
55 and 56. That Is, the series arm resonators 53 and 54 
are connected in series in a series amn between an input 
terminal 57 and an output terminal 58. Also, parallel arm 
resonators 55 and 56 are connected between the series 
arm and a ground potential. The series arm resonators 
53 and 54 and the parallel arm resonators 55 and 56 
are alternately disposed between the input and output 
terminals 57, 58. 

[0005] In the surface acoustic wave filter 51, the se- 
ries arm resonators 53 and 54 and the parallel arm res- 
onators 55 and 56 are constructed in such a manner 
that interdigital transducers (hereinafter referred to as 
IDTs) 53a. 54a, 55a, and 56a are provided at the centres 
of the series and parallel arm resonators, respectively, 
and reflectors 53b and 53c, 54b and 54c. 55b and 55c, 
and 56b and 56c are provided on the opposite sides of 
the IDTs 53a-56a. That Is, in the surface acoustic wave 
filler 51 , each of the series arm resonators 53 and 54 
and the parallel arm resonators 55 and 56 is comprised 
of a one-port SAW resonator having reflectors on the 
opposite sides of an IDT. 

[0006] The principle of the operation of the above-de- 
scribed surface acoustic wave fitter 51 is as described 
below. 

[0007] Referring to Fig. 1 2 in which only electrode por- 
tions are schematically shown, a one port SAW resona- 
tor 60 has a structure In which reflectors 62 and 63 are 
placed on the opposite sides of an IDT 61 boated at a 



2 

center thereof. The IDT 61 has a structure In which a 
comb-shaped electrode 61a having at least one elec- 
trode finger and a comb-shaped electrode 61b having 
at least one electrode finger are arranged so that their 

s electrode fingers interdigitate with each other. 

[0008] In the one port SAW resonator 60, surface 
acoustic waves excited by the IDT 61 are reflected by 
the reflectors 62 and 63 to form standing waves confined 
between the reflectors 62 and 63. The SAW resonator 

10 60 therefore operates as a resonator having a large Q 
value. As is well-known, in the impedance characteris- 
tics of the SAW resonator 60, a pole of a lower Imped- 
ance exists in the vicinity of a resonant frequency f r while 
a pole of a higher impedance appears at an antiresonant 

15 frequency fa. 

[0009] In the surface acoustic wave filter 51. a pass- 
band is obtained by utilising the Impedance character- 
istics of the one port SAW resonators described above. 
More specifically, the resonant frequencies fr of the se- 

20 ries arm resonators 53 and 54 and the antiresonant fre- 
quencies fa of the parallel arm resonators 55 and 56 are 
set equal to each other to match the output and Input 
impedances with the characteristic impedance at about 
the resonant and antiresonant frequencies which are 

25 equal to each other, thus setting a passband. 

[0010] Because the one port SAW resonator has the 
above-described impedance characteristic, very high 
impedances result at the antiresonant frequencies of the 
series arm resonators 53 and 54 while very low imped- 

30 ances result at the resonant frequencies of the parallel 
arm resonators 55 and 56. In the surface acoustic wave 
filter 51 , therefore, attenuation regions are defined with 
poles corresponding to these frequencies. 
[0011] The surface acoustic wave filter 51 has the se- 

35 ries arm resonators 53 and 54 and the parallel arm res- 
onators 55 and 56 arranged as described above and, 
therefore, can be designed so as to reduce insertion loss 
and can achieve a comparatively large amount of atten- 
uation in the vicinity of the passband. 

40 [0012] Japanese Patent lald-Open Publication No. 
5-183380 also discloses a surface acoustic wave filter 
arranged in the same manner as the surface acoustic 
wave filter 51 and has an inductance added to the par- 
allel arm resonators to achieve a wide frequency range. 

45 [0013] In recent years, there has been a strong de- 
mand for expanding transmitting and receiving frequen- 
cy bands of mobile communication apparatuses such 
as portable telephones. As a result, widening of the fre- 
quency band has also been demanded with respect to 

50 band filters used In such apparatuses. Moreover, an in- 
crease in the amount of attenuation in rejection regions 
of band filters for use in such apparatuses is strongly 
demanded. That is, there is a need to obtain a large 
amount of attenuation in a receiving frequency band in 

55 a transmitting filter as well as In a transmitting frequency 
band in a receiving filter. 

[001 4] In band filters for mobile communication appa- 
ratuses, the frequencies of the above-mentioned rejec- 
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tion regions are in the vicinity of a passband. Surface 
acoustic wave filters having a ladder type circuit op rate 
based on the above-described principle and, therefore, 
have a comparatively large amount of attenuation in the 
vicinity of a passband. Thus, surface acoustic wave fil- 
ters having a ladder type circuit configuration have char- 
acteristic suitable for a band filter of nnobile communi- 
cation apparatuses. 

[0015] Surface acoustic wave filters having a ladder 
type circuit achieve a very large amount of attenuation 
at an attenuation pole. However, since the frequency 
range of the attenuation pole is narrow, the amount of 
attenuation decreases abruptly with deviation from the 
frequency of the attenuation pole. That is, a large 
amount of attenuation is obtained at the frequency of 
the attenuation pole in a rejection region in the vicinity 
of a passband, but an increase in the frequency range 
in which the amount of attenuation Is large is strongly 
demanded since the frequency range in which the 
amount of alien ualion is large is comparatively narrow. 
[0016] Conventionally, the method (1) of increasing 
the ratio of the capacitances of a parallel arm resonator 
and a series arm resonator and the method (2) of dis- 
tributing a plurality of attenuation poles by using a plu- 
rality of parallel arm resonators and setting the resonant 
frequencies of the parallel arm resonators to be different 
from each other have been tried as a method for extend- 
ing the frequency range of a large-attenuation portion in 
a rejection region of a surface acoustic wave filter having 
a ladder type circuit. 

[0017] However, the method (1) of increasing the 
amount of attenuation by the capacitance ratio causes 
an increase in insertion loss, and the method (2) of set- 
ting different resonant frequencies of a plurality of par- 
allel arm resonators causes a failure of impedance 
matching in a passband, which results in an increase in 
reflection loss. 

[0018] That is, as long as the conventional methods 
for increasing the frequency band in which the amount 
of attenuation is large are used, there is a limit to the 
advantageous effect of such methods because of an in- 
crease in insertion loss and reflection loss In addition to 
a failure of impedance matching. 

SUMMARY OF THE INVENTION 

[0019] The preferred embodiments of the present in- 
vention overcome the problems described above by 
providing a surface acoustic wave filter as set forth in 
claim 1 having a ladder type filter circuit which is de- 
signed to extend the frequency band in which the 
amount of attenuation Is large in a rejection region on 
the low-frequency side of a passband without Increasing 
the insertion loss. 

[0020] The preferred embodiments of the present in- 
vention also provide a surface acoustic wave filter in- 
cluding a surface acoustic wave filter element having se- 
ries arm resonators and parallel arm resonators dis- 



posed on a piezoelectric substrate and arranged to de- 
fine a laddertype filter circuit having a series arm located 
between input and output terminals and a plurality of 
paratlel arms located between the series arm and a 
s ground, a package having the surface acoustic wave fil- 
ter element contained therein and having a plurality of 
external terminals connected to the surface acoustic 
wave filter element, and a plurality of bonding wires 
which respectively connect the Input and output termi- 
nals and a ground terminal of the surface acoustic wave 
filter element to the plurality of external terminals of the 
package. The electrostatic capacitance of at least one 
of the plurality of parallel arm one port resonators is larg- 
er than the electrostatic capacitance of the other parallel 
arm resonators, and the length of the bonding wire con- 
nected between the parallel arm resonator having the 
larger electrostatic capacitance and the external termi- 
nal provided on the package and connected to the 
ground is greater than the length of the bonding wires 
connected between the other parallel arm resonators 
having the smaller electrostatic capacitance and the ex- 
ternal terminals provided on the package and connected 
to the ground. 

[0021] In a preferred embodiment, the surface acous- 
tic wave filter element has a plurality of series arm res- 
onators and a plurality of parallel arm resonators, a first 
parallel arm resonator in the parallel arm resonators be- 
ing provided In a parallel arm connected to a connection 
point between the input terminal or output terminal of 
the surface acoustic wave filter element and one of the 
series arm resonators located close to the input or out- 
put terminal, a second parallel arm resonator in the par- 
allel arm resonators being provided In a parallel arm 
connected to a connection point between the series arm 
resonators, and the electrostatic capacitance of the sec- 
ond parallel arm resonator is larger than the electrostatic 
capacitance of the first parallel arm resonator. 
[0022] In another preferred embodiment, the first par- 
allel arm resonator is provided in each of the parallel 
arms connected to the connection point between the in- 
put terminal and the series arm resonator close to the 
input terminal and the parallel arm connected to the con- 
nection point between the output terminal and the series 
arm resonator close to the output terminal, and the elec- 
trostatic capacitance of the second parallel arm resona- 
tor is larger than a value which is twice the electrostatic 
capacitance of the first parallel arm resonator and not 
larger than a value that is six times larger than the elec- 
trostatic capacitance of the first parallel arm resonator 
[0023] In still another preferred embodiment, the 
length of the bonding wire connecting the second par- 
allel arm resonator and the externa! terminal provided 
on the package and connected to the ground is greater 
than the length of the bonding wire connecting the first 
parallel arm resonator and the external terminal provid- 
ed on the package and connected to the ground, thereby 
further extending the frequency through which the 
amount of attenuation Is large. 
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[0024] According to preferred embodiments of the 
present invention, the electrostatic capacitances of the 
plurality of parallel arm resonators are different from 
each other, and the length of the bonding wire connect- 
ing the parallel arm resonator having the larger electro- 
static capacitance to the ground is greater than the 
length of the bonding wires connecting the other parallel 
arm resonators to the ground, so that the inductances 
inserted in series with the parallel arm resonators with 
the bonding wires having different lengths are different 
from each other In this manner, the frequency range in 
which the amount of attenuation is large in the rejection 
region on the low-frequency side of the passband is 
greatly Increased. Also, In the above-described novel 
arrangement, the antiresonant frequencies of the paral- 
lel arm resonators in the passband are not changed, so 
that a deterioration in the passband characteristics is 
prevented. 

[0025] Thus, the frequency range in which the amount 
of allenualion is large in the rejection region on the low- 
frequency side of the passband is greatly increased 
without causing a deterioration in passband character- 
istics. Therefore, the surface acoustic wave filter of pre- 
ferred embodiments of the present invention can be suit- 
ably used as, for example, a transmitting or receiving 
filer for a mobile communication apparatus. 
[0026] The arrangement of the surface acoustic wave 
filter of preferred embodiments of the present invention 
may be such that the surface acoustic wave filter ele- 
ment has a plurality of series arm resonators and a plu- 
rality of parallel arm resonators, and parallel arms con- 
nected to connection points between the Input and out- 
put terminals and the series connectors close to the in- 
put and output terminals, and the electrostatic capaci- 
tance of the second parallel arm resonator provided in 
the parallel arm connected to the connection point be- 
tween the series arm resonators is larger than that of 
the first parallel arm resonators inserted in the parallel 
arms located close to the input and output terminals, 
thereby increasing the frequency range in which the 
amount of attenuation is large in the rejection region on 
the low-frequency side of the passband. 
[0027] In another example of preferred embodiments 
of the present Invention, the electrostatic capacitance of 
the second parallel arm resonator is preferably larger 
than a value that is twice the electrostatic capacitance 
of the first parallel arm resonator and not larger than a 
value that is six times larger than the electrostatic ca- 
pacitance of the first parallel arm resonator. The in- 
crease in VSWR is thereby limited while the frequency 
range through which the amount of attenuation is large 
in the rejection region on the low-frequency side of the 
passband is further increased. In this manner, the fre- 
quency range in which the amount of attenuation is large 
in the rejection region on the low-frequency side of the 
passband is greatly increased without excessively in- 
creasing the size of the bonding wire connected to the 
second parallel arm resonator. This arrangement there- 



fore contributes to the reduction in the size of surface 
acoustic wave filters. 

[0028] In addition, the length of the bonding wire con- 
necting the second parallel arm resonator to the ground 

5 is preferably greater than the length of the bonding wire 
connecting the first parallel arm resonator to the ground, 
thereby making it possible to further increase the fre- 
quency range in which the amount of attenuation is large 
in the ri9jection region on the low-frequency side of the 

10 passband. 

[0029] For the purpose of illustrating preferred em- 
bodiments of the present invention, there is shown in 
the drawings several forms which are presently pre- 
ferred, it being understood, however that the invention 

15 is not limited to the precise arrangements and instru- 
mentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0030] Fig. 1 is a schematic plan view showing an ex- 
ample of the structure of a surface acoustic wave filter 
in accordance with a preferred embodiment of the 
present invention. 

[0031] Fig. 2 is a diagram showing an equivalent cir- 
25 cuit of the surface acoustic wave filter shown in Fig. 1 . 
[0032] Fig. 3 is a diagram for explaining an equivalent 
circuit of a one port SAW resonator. 
[0033] Fig. 4 is a diagram showing an attenuation -fre- 
quency characteristic of the surface acoustic wave filter 
30 shown in Fig. 1. 

[0034] Fig. 5 is a schematic plan view for explaining 
a second example of the surface acoustic wave filter in 
accordance with a preferred embodiment of the present 
invention. 

35 [0035] Fig. 6 is a diagram showing an equivalent cir- 
cuit of the surface acoustic wave filter shown in Fig. 5. 
[0036] Fig. 7 is a diagram showing an attenuation-fre- 
quency characteristic of the surface acoustic wave filter 
shown in Fig. 5. 

40 [0037] Fig. 8 is a schematic plan view for explaining 
a third example of the structure of the surface acoustic 
wave filter in accordance with a preferred embodiment 
of the present invention. 

[0038] Fig. 9 is a diagram showing the relationship be- 
45 tween the electrostatic capacitance ratio of the first and 
second parallel arm resonators and VSWR. 
[0039] Fig. 10 is a diagram showing an attenuation- 
frequency characteristic of the surface acoustic wave fil- 
ter shown in Fig. 8. 
so [0040] Fig. 11 is a schematic plan view showing an 
example of a conventional surface acoustic wave filter. 
[0041] Fig. 1 2 is an enlarged plan view of a one port 
SAW resonator. 

[0042] Fig. 1 3 is a diagram showing an attenuation- 
55 frequency characteristic of a surface acoustic wave filter 
according to a comparative example. 
[0043] Fig. 14 is a diagram showing an attenuation- 
frequency characteristic of a surface acoustic wave filter 
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according to a comparative example. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0044] Hereinafter, the preferred embodiments of the 
present invention are explained in detail with reference 
to the drawings. 

[0045] Fig. 1 is a schematic plan view showing an ex- 
ample of the structure of a surface acoustic wave filter 
in accordance with preferred embodiments of the 
present Invention, and Fig. 2 is a diagram showing an 
equivalent circuit of the surface acoustic wave filter 
shown in Fig. 1 . 

[0046] As shown in Fig. 2, a surface acoustic wave 
filter I has a series arm including series arm resonators 
3. 4, and 5 located between an input terminal 2a and an 
output terminal 2b. A first parallel arm is located be- 
tween a connection point 6a located between the series 
arm resonators 3 and 4, and a parallel arm resonator 7 
is inserted in this first parallel arm. A second parallel arm 
is also defined between a connection point 6b located 
between the series arm resonators 4 and 5, and a par- 
allel arm resonator 8 is inserted in this second parallel 
arm. 

[0047] As is apparent from a structural example de- 
scribed below, the series arm resonators 3, 4, and 5 and 
the parallel arm resonators 7 and 8 are connected pref- 
erably via bonding wires to externa! terminals for con- 
nection to components outside of a package. In this 
structural example, inductances 9a-9d created by the 
bonding wires are inserted respectively In series with the 
resonators. 

[0048] That is, inductance 9a is inserted in series with 
the series arm resonator 3 by the bonding wire connect- 
ing the series arm resonator 3 and the input terminal 2a, 
and inductance 9b is inserted in series with the series 
arm resonator 5 by the bonding wire connecting the se- 
ries arm resonator 5 and the output terminal 2b. Simi- 
larly, inductances 9c and 9d are respectively inserted by 
the bonding wires connecting the parallel arm resona- 
tors 7 and 8 to external tenninals on the package con- 
nected to a ground potential. 

[0049] In the surface acoustic wave filter 1 , the elec- 
trostatic capacitances of the parallel arm resonators 7 
and 8 are different from each other and more specifical- 
ly, the electrostatic capacitance of the parallel arm res- 
onator 8 is preferably larger than that of the parallel arm 
resonator 7. Also, the bonding wire for creating the in- 
ductance 9d is increased in size or length so that the 
Inductance 9d created by the bonding wire connecting 
the parallel arm resonator 8 to the ground potential is 
larger than the inductance 9c created by the bonding 
wire connecting the parallel arm resonator 7 to the 
ground potential. 

[0050] The detailed structure of the surface acoustic 
wave filter 1 shown in Fig. 2 will now be described with 
reference to Fig. 1 , 



[0051] In the surface acoustic wave filter 1 , a surface 
acoustic wave filter element 12 is placed in a central 
opening of the package 10. A lid member (not shown) 
is attached to the package 10 so as to close the central 
5 opening 1 0a to enclose the surface acoustic wave filter 
element 12 in the package structure, although this state 
is not specially illustrated. 

[0052] The package 10 is preferably formed of a suit- 
able insulating material, e.g.. an insulating ceramic such 

TO as alumina or a synthetic resin. Stepped portions 10b 
are formed on the opposite sides of the opening 10a of 
the package 10 and external terminals 11a-11f are lo- 
cated on the stepped portions 10b. 
[0053] The external terminals 11a-11f are preferably 

15 formed of a thin or thick film made of an electroconduc- 
tive material such as copper or aluminum, and ai'e ar- 
ranged so as to extend from the positions on the stepped 
portions 10b to outer side surfaces of the package 10 
and arranged to be externally connected electrically 

20 from the outer side surfaces, although the extensions of 
the terminals 11a-11f are not clearly shown in Fig. 1. 
[0054] The external terminals 11a-11f are connected 
via the bonding wires to the resonators of the surface 
acoustic wave filter 12 described below. 

25 [0055] The surface acoustic wave fitter 12 preferably 
includes a substantially rectangular piezoelectric sub- 
strate 1 3. The piezoelectric substrate 1 3 may be formed 
of a piezoelectric single crystal of LINb03, LiTa03 or 
quartz, or a piezoelectric ceramic such as lead titanate 

30 zirconate piezoelectric ceramic. Alternatively, a com- 
posite substrate in which a piezoelectric thin film made 
of one of theses materials is formed on an appropriate 
substrate may be used as a piezoelectric substrate 13. 
In this structural example, the piezoelectric substrate 1 3 

55 is preferably formed of a 36**Y-cut LITaOs substrate. 
[0056] On the piezoelectric substrate 13, the series 
arm resonators 3-5 and the parallel arm i^esonators 7 
and 8 are preferably formed of an electroconductive ma- 
terial, e.g., AI or other suitable metal or material. The 

40 series arm resonator 3 is preferably a one port SAW res- 
onator having an IDT 3a including electrode fingers ar- 
ranged to be interdigitated with each other, and reflec- 
tors 3b and 3c placed on the opposite sides of the IDT 
3a. Similarly each of the series arm resonators 4 and 5 

45 has an IDT and reflectors placed on the opposite sides 
of the IDT. Further, each of the parallel arm resonators 
7 and 8 has an IDT and reflectors placed on the opposite 
sides of the IDT. 

[0057] In the surface acoustic wave fitter 1 , the exter- 
50 nal terminal 1 1 b of the external terminals 1 1 a- 1 1 f is used 
as an input terminal while the external terminal lie is 
used as an output terminal. One of the pair of comb- 
shaped electrodes of the IDT 3a of the series arm res- 
onator 3 is connected to the extemal terminal lib via 
ss the bonding wire 9A. The series arm resonators 3 and 
4 are connected by an electroconductive pattern 14a 
while the series arm resonators 4 and 5 are connected 
by an electroconductive pattern 14b. One of the pair of 
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comb-shaped electrodes of the IDT of the series arm 
resonator 5 is connected to the external terminal 11 e by 
the bonding wire 9B. Thus, the series arm is formed be- 
tween the external terminal lib used as an Input termi- 
nal and the external terminal lie used as an output ter- 
minal, and the series arm resonators 3. 4. and 5 are in- 
serted in the series arm. 

[0058] On the other hand, the parallel arm resonator 

7 IS connected between the ground potential and the 
connection point between the series arm resonators 3 
and 4. This connection of the parallel arm resonator 7 
and the ground potential is made by connecting one of 
the pair of comb-shaped electrodes of the I DT to the ex- 
ternal terminal 1 1 c connected to the ground potential via 
the bonding wire gc. Further, the parallel arm resonator 

8 IS connected between the ground potential and the 
connection point between the series arm resonators 4 
and 5. The connection of the parallel arm resonator 8 
and the ground potential is made by connecting one of 
the pair of comb-shaped electrodes of the IDT of the par- 
allel arm resonator 8 to the extemal terminal lid con- 
nected to the ground potential via the bonding wire 80. 
[0059] Thus, in the surface acoustic wave filter 1 . the 
inductances 9a-9d shown in Fig. 2 are created by the 
above-described bonding wires 9A-9D. In addition, the 
electrostatic capacitance of the parallel arm resonator 
8 is preferably larger than that of the parallel arm reso- 
nator 7. In this example, the electrostatic capacitance of 
the parallel arm resonator 8 is preferably about 2.5 times 
larger than that of the parallel arm resonator 7 which is 
achieved by setting the overlap length of the electrode 
fingers in the IDT of the parallel arm resonator 8 to be 
about 2.5 times larger than that in the parallel arm res- 
onator 7. Note that an electrostatic capacitance of a res- 
onator is in proportion to the multiply of the overlap 
length and number of pairs of the electrode fingers. 
Thus, the number of pair of the electrode fingers may 
be made greater. 

[0060] Also, the bonding wire 9D is preferably longer 
than the bonding wire 9C. As a result, the inductance 
9d shown in Fig. 2 is larger than the inductance 9c. 
[0061] The electrostatic capacitance nnay be changed 
by changing the number of pairs of electrode fingers so 
as to make the electrostatic capacitances of a plurality 
of parallel arm resonators different from each other Al- 
ternatively, a plurality of SAW resonators having the 
same frequency may be connected In series or parallel 
with each other to form one parallel arm resonator, en- 
abling adjustment of the electrostatic capacitance of the 
parallel arm resonator. That is. according to preferred 
embodiments of the present invention, it is not always 
necessary for each parallel arm resonator to be formed 
of one SAW resonator. 

[0062] A description will next be given of the effect of 
increasing the frequency range in which the amount of 
attenuation is large in the rejection region on the low- 
frequency side of a passband by making the electrostat- 
ic capacitances of the parallel arm resonators 7 and 8 



different from each other and by increasing the length 
of the bonding wire 9D so as to be longer than that of 
the bonding wire 9C in the surface acoustic wave filter 1 
[0063] Fig. 3 shows an equivalent circuit of the one- 

s port type SAW resonator. In Fig. 3. LI. Cl and Rl re- 
spectively designate an inductance component, a ca- 
pacitance component and a resistance component rep- 
resenting resonance when a surface acoustic wave is 
excited. CO designates the electrostatic capacitance of 

10 the IDT and Ls designates an external inductance con- 
nected to the resonator. If no extemal inductance Ls ex- 
ists, the resonant frequency fr and the antiresonant fre- 
quency fa of the resonator are expressed by the follow- 
ing equations (1 ) and (2) by ignoring the resistance com- 
'5 ponentRl. 



(1) 



20 



25 



fa^ _i ^ 



(2) 



[0064] On the other hand, when the external induct- 
30 ance Ls is inserted, the resonant frequency f r' is defined 
by the following equation (3). 



35 



27^Jc^ (Ll+Ls) 



(3) 



[0065] As is apparent from equation (3). the resonant 
frequency can be reduced by adding the external induct- 
ance Ls. On the other hand, the antiresonant frequency 
40 fa IS not changed even when the extemal inductance Ls 
IS added since it is as expressed in equation (2). 
[0066] A change Afr = (f r' - f r) in the resonant frequen- 
cy caused by insertion of the external inductance Ls is 
shown by the following equation (4). 

45 



SO 



£5 




(4) 



[0067] As is apparent from equation (4), the change 
Afr in the resonant frequency becomes larger if the 
equivalent inductance Li of the SAW resonator be- 
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comes smaller, or If the external inductance Ls becomes 
larger. On the other hand, to reduce the equivalent in- 
ductance LI , the impedance of the SAW resonator may 
be reduced. Accordingly, equivalent inductance LI can 
be reduced by increasing the electrostatic capacitance 
of the resonator. With respect to the external Inductance 
Ls, the above-mentioned Inductance of the bonding wire 
is necessarily introduced. Therefore, the external in- 
ductance Ls can be increased by increasing the length 
of the bonding wire. With respect to the antiresonant fre- 
quency, no change is caused in the characteristic in the 
passband even if the length of the bonding wire is in- 
creased because the antiresonant frequency is not 
changed by the value of the external inductance Ls as 
mentioned above. 

[0068] Therefore, the surface acoustic wave filter 1 
having a plurality of parallel arm resonators is designed 
to increase the frequency range in which the amount of 
attenuation is large by making the resonant frequencies 
of the parallel arm resonators different from each other 
so that attenuation poles corresponding to the resonant 
frequencies are suitably distributed in the rejection re- 
gion on the low-frequency side of the passband. More- 
over, the electrostatic capacitance of the parallel arm 
resonator 8 is preferably made larger than that of the 
parallel arm resonator 7 and the length of the bonding 
wire 9D is preferably greater than that of the bonding 
wire 9C, thereby obtaining a resonant frequency differ- 
ence Afr, as described above. Therefore, while the fre- 
quency range in which the amount of attenuation is targe 
on the low-frequency side of the passband is extended, 
the antiresonant frequencies are not changed. Thus, it 
is possible to extend the frequency range In which the 
amount of attenuation is large in the rejection region 
without influencing the characteristics of the passband. 
[0069] In Fig. 4, solid line A represents an attenuation- 
frequency characteristic of the surface acoustic wave fil- 
ter 1 and solid line B represents an essential portion of 
the characteristic curve which has been enlarged based 
on the scale on the right-hand side. The characteristic 
shown in Fig. 4 was obtained by setting the following 
conditions In the surface acoustic wave filter 1: the 
number of pairs of electrode fingers of series arm reso- 
nators 3 and 5 was 100, the overlap length of the elec- 
trode fingers of series arm resonators 3 and 5 was about 
130 Jim, the number of pairs of electrode fingers of se- 
ries arm resonator 4 was 70, the overlap length of the 
electrode fingers of series arm resonator 4 was 1 00 \im, 
the number of pairs of electrode fingers of parallel arm 
resonator 7 was 60, the overlap length of the electrode 
fingers of parallel arm resonator 7 was about 90 ^im, the 
electrostatic capacitance of parallel arm resonator 7 
was about 2.5 pF, the number of pairs of electrode fin- 
gers of parallel arm resonator 8 was 60, the overlap 
length of the electrode fingers of parallel arm resonator 
8 was 230 \xm, the electrostatic capacitance of parallel 
arm resonator 8 was 6.3 pF, the length of bonding wire 
9C was about 2 mm, and the length of bonding wire 9D 



was about 1 mm. 

[0070] For comparison, an attenuation-frequency 
characteristic of a surface acoustic wave filter in which 
the parallel arm resonator 8 is formed so as to be the 

5 same and have the same electrostatic capacitance as 
that of parallel ami resonator 7 and in which bonding 
wires 9C and 9D have the same length, about 1 mm, is 
indicated by solid line C in Fig. 1 3, and an essential por- 
tion of the characteristic curve enlarged based on the 

10 scale on the right-hand side of Fig. 13 is indicated by 
solid line D. In comparison between the attenuation-fre- 
quency characteristic shown in Fig. 4 and the attenua- 
tion-frequency characteristic shown in Fig. 1 3, it can be 
understood that the amount of attenuation can be In- 

15 creased by about 5 dB in the rejection region on the low- 
frequency side of the passband while the frequency 
range of an attenuation amount of about 23 dB can be 
extended by about 40%. That is, although the amount 
of attenuation is reduced at the attenuation poles, the 

20 minimum of the amount of attenuation can be increased 
in the frequency range of the required rejection region, 
[0071] Fig. 5 is a schematic plan view for explaining 
a second example of the structure of the surface acous- 
tic wave fitter in accordance with preferred embodi- 
es ments of the present invention, and Fig. 6 Is a diagram 
showing an equivalent circuit of this filter. 
[0072] As is apparent from Fig. 6, a surface acoustic 
wave filter 21 has a series arm defined by two series 
arm resonators 22 and 23 located between an input ter- 

30 minal 2a and an output terminal 2b. A parallel arm res- 
onator 25 is inserted in a parallel arm connected be- 
tween a ground and a connection point 24a between the 
input terminal 2a and the series arm resonator 22. A par- 
allel arm resonator 26 is connected in a parallel arm con- 

35 nected between the ground and a connection point 24b 
located between the series arm resonators 22 and 23. 
Further, a parallel arm resonator 27 is inserted in a par- 
allel arm which is connected between the ground and a 
connection point 24c located between the series arm 

40 resonator 23 and the output terminal 2b. 

[0073] Inductances 29a-29e are inductance compo- 
nents created by bonding wires and are similar to those 
shown Fig. 2. 

[0074] In the surface acoustic wave filter 21 , however, 
45 the bonding wire 29D described below is preferably 
longer than bonding wires 29C and 29E so that the in- 
ductance 29d is larger than the inductances 29c and 
29e. The electrostatic capacitances of the parallel arm 
resonators 25 and 27 provided as first parallel arm res- 
so onators in the parallel arms connected to the connection 
points 24a and 24c between the input and output termi- 
nals 2a and 2b and the series arm resonators 22 and 
23 located close to the input and output terminals 2a 
and 2b are preferably set equal to each other. The elec- 
ts trostatic capacitance of the second parallel arm resona- 
tor 26 provided in the parallel arm connected to the con- 
nection point 24b between the series arm resonators 22 
and 23 is preferably twice that of the first parallel arm 
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resonators 25 and 27. 

I007S] As shown in Fig. 5. in the surface acoustic 
wave filter 21. the surface acoustic wave filter element 
30 constructed as described above is placed in an open- 
ing 10a of a package 10. The structure of the package 
10 IS preferably the same as that of surface acoustic 
wave filter 1 . Therelore. the same portions and elements 
are indicated by the same reference characters, and the 
description for these same portions and elements will 
not be repeated. 

[0076] In the surface acoustic wave fitter 21 the se- 
ries arm resonator 22 is connected via a bonding wire 
29A to an external terminal lib provided as an input ter- 
minal, and the series arm resonator 23 is electrically 
connected via a bonding wire 29B to an external termi- 
nal 11 e provided as an output terminal. Each of the se- 
nes arm resonators 22 and 23 preferably is defined by 
a one port SAW resonator having an IDT at its center 
and having reflectors placed on the opposite sides 
thereof, similar lo the series arm resonator 3 shown in 
Fig. 1. The series arm resonators 22 and 23 are con- 
nected in series with each other by an electroconductive 
pattern 31 a. 

[0077] Each of the parallel arm resonators 25, 26, and 
27 IS preferably defined by a one port SAW resonator 
having reflectors kjcated on opposite sides thereof The 
parallel arm resonator 25 is electrically connected via 
the bonding wire 29C to an external terminal 11a con- 
nected to the ground. The parallel arm resonator 26 is 
electrically connected via the bonding wire 29D to an 
external terminal lid connected to the ground The par- 
allel arm resonator 27 is electrically connected via a 
bonding wire 29E to an external terminal 111 connected 
to the ground. 

[0078] In the surface acoustic wave filter 21 a piezo- 
electric substrate 13 is preferably formed of a'sB-Y-cut 
LiTaOa substrate. Each of the above-described resona- 
tors 22, 23, and 25 to 27 and the electroconductive pat- 
tern 31 a IS preferably formed by depositing aluminum 
on the piezoelectric substrate 13 and by patterning the 
deposited aluminum. 

[0079] Ordinarily, impedance matching in a ladder 
type filter is performed in such a manner that a combi- 
nation of one series arm resonator and one parallel arm 
resonator is f ormedas one block and a plurality of blocks 
are connected in series by inverting the inputs and out- 
puts. According to this method, the impedance of the 
parallel arm resonators placed on the input and output 
sides IS twice that of the other parallel arm resonators 
Accordingly, in the equivalent circuit shown in Fig 6 if 
the impedance of the second parallel arm resonator 26 
IS 1/2 of that of the first parallel arm resonators 25 and 
27, impedance matching is achieved. 
[0080] In this case, based on equation (4) shown 
above, a change in the resonant frequency of the par- 
allel arm resonator 26 can be maximized by increasing 
the length of the bonding wire 29D connecting the par- 
allel arm resonator 26 to the ground In this manner the 



frequency range in which the amount of attenuation is 
large on the low-frequency side of the passband can be 
extended. It can therefore be understood that the sur- 
face acoustic wave filter 21 can have an extended fre- 
quency range through which the amount of attenuation 
IS large on the low-frequency side of the passband as 
does the surface acoustic wave filter 1, by increasing 
the length of the bonding wire tor the parallel arm reso- 
nator 26 connected to the ground in the structure in 
which the electrostatic capacitance of the parallel ami 
resonator 26 provided as the second parallel arm reso- 
nator in the parallel arm connected to the connection 
point between the series ami resonators is relatively in- 

'5 [0081] Fig. 7 is a diagram showing an attenuation-fre- 
quency characteristic of the surface acoustic wave filter 
21. A characteristic curve indicated by solid line E is ob- 
tained by enlarging on the right-hand scale an essential 
portion of the characteristic cun/e indicated by solid line 
F The characteristic shown in Fig. 7 was obtained by 
setting the following conditions: the number of pairs of 
electrode fingers of series arm resonators 22 and 23 
was 95, the overlap length of the electrode fingers of 
series arm resonators 22 and 23 was about 60 pm the 
25 electrostatic capacitance of series arm resonators 22 
and 23 was about 2.6 pF, the number of pairs of elec- 
trode fingers of parallel arm resonators 25 and 27 was 
80, the overlap length of the electrode fingers of parallel 
arm resonators 25 and 27 was about 60 pm the elec- 
30 trostatic capacitance of parallel arm resonators 25 and 
27 was about 2.2 pF. the number of pairs of electrode 
fingers of parallel arm resonator 26 was about 80 the 
overlap length of the electrode fingers of parallel'arm 
resonator 26 was about 120 pm. the electrostatic capac- 
35 itance of parallel arm resonator 26 was about 4 42 pF. 
the length of bonding wire 29D was about 2 mm, and 
the length of bonding wires 29C and 29E was about 1 
mm. In this structural example, as is apparent from com- 
parison between the characteristic shown in Fig 7 and 
40 a characteristic shown in Fig. 1 4. the amount of attenu- 
ation can be increased by about 5 dB on the low-fre- 
quency side of the passband. 

[0082] Fig. 8 is a schematic plan view for explaining 
a third example of the structure of the surface acoustic 
wave filter in accordance with preferred embodiments 
of the present invention. A surface acoustic wave filter 
41 of the third structural example has a 5-element struc- 
ture including three parallel arm resonators and two se- 
ries arm resonators, and has the same physical con- 
struction as the structural example shown in Fig 5 Por- 
tions and elements of this example corresponding to 
those shown in Fig. 5 are indicated by the same refer- 
ence characters and the description for these same por- 
tions and elements will not be repeated 
ss [0083] The surface acoustic wave filter 41 differs from 
the surface acoustic wave filter 21 in that the electro- 
static capacitance of the second parallel arm resonator 
26 IS preferably quadruple to that of the parallel arm res- 
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onators 25 and 27 provided as first parallel arm resona- 
tors. That is, the surface acoustic wave filter 41 is pref- 
erably arranged in the same manner as the surface 
acoustic wave filter 21 shown in Fig. 5 except that the 
electrode area of the parallel arm resonator 26 is quad- ^ 
ruple to that of the parallel arm resonators 25 and 27. 
[0084] In the surface acoustic wave filter 21 in the sec- 
ond structural example, the electrostatic capacitance of 
the second parallel arm resonator 26 is twice that of the 
first parallel arm resonators 25 and 27 to effect imped- 
ance matching in the passband. In the second structural 
example, however, there is a need to add a large induct- 
ance in order to extend the attenuation region. On the 
other hand, packages for surface acoustic wave filters 
have been made increasingly smaller year by year, and 
there Is a limit to the reduction In the size of inductance 
elements inserted with bonding wires in the above-de- 
scribed manner. Therefore, there is a need to change a 
resonant frequency by adding a smaller inductance. 
[0085] In the third structural example, to satisfy the 
above "described requirement, the electrostatic capaci- 
tance of the parallel arm resonator 26 is further in- 
creased white the electrostatic capacitance of the first 
parallel arm resonators 25 and 27 is reduced, thereby 
increasing the amount of change in the resonant fre- 
quency of the second parallel arm resonator 26. In this 
manner, the frequency range in which the amount of at- 
tenuation is large in the stop band on the low-frequency 
side of the passband is greatly increased. Ideally, how- 
ever, the electrostatic capacitance ratio of the second 
parallel arm resonator 26 and the first parallel arm res- 
onators 25 and 27 is preferably set to about 2:1 for im- 
pedance matching in the passband, as described 
above. If the impedance difference becomes excessive- 
ly large, the above-described impedance matching can- 
not be effected. Therefore, the range of capacitance ra- 
tio practically available is naturally restricted if imped- 
ance matching is taken into consideration. 
[0086] Fig. 9 shows changes in VSWR (voltage stand- 
ing wave ratio) when the electrostatic capacitance ratio 
of the central second parallel arm resonator 26 and the 
first parallel arm resonators 25 and 27 on the opposite 
sides is changed. Ordinarily, with respect to high-fre- 
quency filters, it is desirable that the VSWR is not higher 
than 2. However, as is apparent from Fig. 9, the VSWR 
increases abruptly when the electrostatic capacitance 
ratio exceeds 6. As can be understood from this discov- 
ery, it is desirable to set the ratio of the electrostatic ca- 
pacitance of the second parallel arm resonator to the 
electrostatic capacitance of the first parallel arm reso- 
nators to a value not larger than 6. 
[0087] As described above, the electrostatic capaci- 
tance of the second parallel arm resonator is increased 
within such a range that the VSWR value does not ex- 
ceed 2, thereby extending the frequency range in which 
the amount of attenuation is large In the rejection region 
on the low-frequency side of the passband. Then, if the 
length of the bonding wire connected to the second par- 



allel arm resonator is increased, the resonant frequency 
of the second parallel arm resonator can be further re- 
duced. Thus, the frequency range in which the amount 
of attenuation is large is greatly expanded in the low- 
frequency-side rejection region. 
[0088] Fig. 10 shows an attenuation-frequency char- 
acteristic of the surface acoustic wave filter 41 . A char- 
acteristic curve indicated by solid line G is obtained by 
enlarging on the right-hand scale an essential portion of 
the characteristic curve indicated by solid line H. 
[0089] It can be understood from Fig. 10 that the 
amount of attenuation in the low-frequency-side rejec- 
tion region can also be increased by about 5 dB in the 
surface acoustic wave filter 41 of the third structural ex- 
ample. 

[0090] While preferred embodiments of the invention 
have been disclosed, various modes of carrying out the 
principles disclosed herein are contemplated as being 
within the scope of the following claims. Therefore, it is 
understood that the scope of the invention is not to be 
limited except as otherwise set forth in the claims. 
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Claims 

25 

1. A surface acoustic wave filter comprising: 
a substi-ate; 

a surface acoustic wave filter element having a 
30 plurality of series arm resonators and a plurality 

of parallel arm resonators arranged on the sub- 
strate so as to define a ladder type filter circuit 
having a series arm located between input and 
output terminals and a plurality of parallel amns 
35 located between the series arm and a ground; 

a package having said surface acoustic wave 
filter element provided therein and having a plu- 
rality of extemal terminals connected to said 
surface acoustic wave filter element; and 
40 a plurality of bonding wires which respectively 

connect the input and output terminals and the 
ground terminal of said surface acoustic wave 
filter element to the plurality of external termi- 
nals of said package; 
45 wherein an electrostatic capacitance of at least 

one of said plurality of parallel arm resonators 
is larger than an electrostatic capacitance of 
others of said plurality of parallel arm resona- 
tors, and a length of the bonding wire connect- 
50 ed between the parallel arm resonator having 

the larger electrostatic capacitance and one of 
the external terminals provided on the package 
and connected to the ground is greater than a 
length of others of the bonding wires connected 
55 between the other parallel arm resonators 

which do not have the larger electrostatic ca- 
pacitance and others of the external terminals 
provided on the package and connected to the 
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ground. 



7. 



2. 



A surface acoustic wave filter according to claim 1 . 
wherein said surface acoustic wave filter element 
has a plurality of series arm resonators and a plu- 5 
rality of parallel arm resonators, a first of said par- 
allel arm resonators is provided in a parallel arm 
connected to a connection point located between 
the input terminal or the output terminal of said sur- 
face acoustic wave filter element and one of the se- 7a 
ries arm resonators located close to the input or the 
output terminal, a second of said parallel arm reso- 
nators is provided in the parallel arm connected to 
a connection point located between the series arm 
resonators, the electrostatic capacitance of the sec- is 
ond parallel arm resonator is larger than the elec- 
trostatic capacitance of the first parallel arm reso- 
nator, 

A surface acoustic wave filler according to claim 2, 20 
wherein the first parallel arm resonator Is provided 
in each of the parallel arm and connected to the con- 
nection point between the input temninal and the se- 
ries arm resonator located close to the input termi- 
nal and the parallel arm connected to the connec- 2S 
tion point between the output terminal and the se- 
ries arm resonator located close to the output ter- 
minal, and wherein the electrostatic capacitance of 
the second parallel arm resonator is larger than a 
value that is twice the electrostatic capacitance of 30 
the first parallel arm resonator and not larger than 
a value that is six times larger than the electrostatic 
capacitance of the first parallel arm resonator 

A surface acoustic wave filter according to claim 3, 
wherein the length of the bonding wire connecting 
the second parallel arm resonator and the external 
terminal provided on the package and connected to 
the ground is greater than the length of the bonding 
wire connecting the first parallel arm resonator and 
the external terminal provided on the package and 
connected to the ground. 



8. 



35 



40 



A surface acoustic wave filter according to any pre- 
ceding claim, wherein said substrate comprises a 
piezoelectric substrate made of one of a piezoelec- 
tric single crystal of LiNb03. LiTa03 or quartz and a 
piezoelectric ceramic, lead titanate or zirconate pi- 
ezoelectric ceramic or a piezoelectric thin film there- 1 0 
of. 

A surface acoustic wave filter according to any pre- 
ceding claim, wherein the electrostatic capacitance 
of said at least one of said plurality of parallel arm 
resonators is about twice to sixth times larger than 
that of said others of said plurality of parallel arm 
resonators. 



45 



so 



S5 



A surface acoustic wave filter according to claim 6, 
wherein an overlap length of electrode fingers or a 
number of pairs of electrode fingers in an interdigital 
transducer of said at least one of said plurality of 
parallel arm resonators is about twice to sixth times 
larger than that in said others of said parallel arm 
resonators. 

A surface acoustic wave filter according to claim 6, 
wherein said plurality of parallel arm resonators in- 
clude first, second and third parallel arm resonators, 
the electrostatic capacitance of the second parallel 
arm resonator is about 2.5 times that of the first and 
third parallel arm resonators. 



9. A surface acoustic wave filter comprising: 
a substrate; 

a surface acoustic wave filter element having a 
plurality of series arm resonators and a plurality 
of parallel arm resonators arranged on the sub- 
strate so as to define a ladder type filter circuit 
having a series arm located between input and 
output terminals and a plurality of parallel arms 
located between the series arm and a ground; 
a package having said surface acoustic wave 
filter element provided therein and having a plu- 
rality of external terminals connected to said 
surface acoustic wave filter element; and 
a plurality of bonding wires which respectively 
connect the input and output terminals and the 
ground terminal of said surface acoustic wave 
filter element to the plurality of external termi- 
nals of said package; 

wherein an electrostatic capacitance of at least 
one of said plurality of parallel arm resonators 
is larger than an electrostatic capacitance of at 
least one other of said plurality of parallel arm 
resonators, and a length of the bonding wire 
connected between one of the parallel arm res- 
onators and one of the external terminals pro- 
vided on the package and connected to the 
ground is greater than a length of at least one 
other of the bonding wires connected between 
the other parallel arm resonators and others of 
the external terminals provided on the package 
and connected to the ground. 



A surface acoustic wave filter according to claim 9. 
wherein said surface acoustic wave filter element 
has a plurality of series arm resonators and a plu- 
rality of parallel arm resonators, a first of said par- 
allel arm resonators is provided in a parallel arm 
connected to a connection point located between 
the input temiinal or the output terminal of said sur- 
face acoustic wave filter element and one of the se- 
ries arm resonators located close to the input or the 
output terminal, a second of said parallel arm reso- 
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nators is provided in the parallel arm connected to 

a connection point located between the series arm 
resonators, the electrostatic capacitance of the sec- 
ond parallel arm resonator is larger than the elec- 
trostatic capacitance of the first parallel arm reso- s 
nator. 



arm resonator is about 2.5 times that of the first and 
third parallel arm resonators. 



11. A surface acoustic wave filter according to claim 10, 
wherein the first parallel arm resonator is provided 
in each of the parallel arm and connected to the con- io 
nection point between the input terminal and the se- 
ries arm resonator located close to the input termi- 
nal and the parallel arm connected to the connec- 
tion point between the output terminal and the se- 
ries arm resonator located close to the output ter- is 
minal. and wherein the electrostatic capacitance of 
the second parallel arm resonator is larger than a 
value that is twice the electrostatic capacitance of 
the first parallel arm resonator and not larger than 
a value that is six times larger than the electrostatic 20 
capacitance of the first parallel arm resonator. 



12. A surface acoustic wave filter according to claim 11 , 
wherein the length of the bonding wire connecting 
the second parallel arm resonator and the external 25 
terminal provided on the package and connected to 
the ground is greater than the length of the bonding 
wire connecting the first parallel arm resonator and 
the external terminal provided on the package and 
connected to the ground. 30 



13. A surface acoustic wave filter according to any one 
of claims 9 to 12. wherein said substrate comprises 
a piezoelectric substrate made of one of a piezoe- 
lectric single crystal of LiNb03, LiTaOg or quartz and 35 
a piezoelectric ceramic, lead titanate or zirconate 
piezoelectric ceramic or a piezoelectric thin film 
thereof. 



14. A surface acoustic wave filter according to any one 40 
of claims 9 to 13, wherein the electrostatic capaci- 
tance of said at least one of said plurality of parallel 
arm resonators is about twice to sixth times larger 
than that of said at least one other of said plurality 

of parallel arm resonators. 45 

15. A surface acoustic wave filter according to claim 14, 
wherein an overlap length of electrode fingers or a 
number of pairs of electrode fingers in an interdigital 
transducer of said at least one of said plurality of 50 
parallel arm resonators is about twice to sixth times 
larger than that in said at least one other of said par- 
allel arm resonators. 



16. A surface acoustic wave filter according to claim 14, ss 
wherein said plurality of parallel arm resonators in- 
clude first, second and third parallel arm resonators, 
the electrostatic capacitance of the second parallel 
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